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@ Display updating device in a data communication system.

@ A data communications system for asynchronous com-
munication having at least two data transmit/receive termin-
als (50) wherein the display (42) is periodically updated with
new send or receive data. In the receive mode the data is
accumulated in a receive buffer (72) for a predetermined time
interval and then transferred into a text storage buffer (80)
which then activates a display access method {86) to process
the stored data and update the display. The display access
method (86) then goes into an "idle” mode and waits for the
next transfer of data which does not occur until the
predetermined time interval has expired. In the transmit
mode the send data is transmitted without a delay but the
display is updated after the predetermined time interval has
expired.
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DISPLAY UPDATING DEVICE IN A DATA
COMMUNICATION SYSTEM

Description

The present invention relates to asynchronous data communica-
tions systems and more particularly to means for periodically

updating a display with received data in an asynchronous
communications system.

In asynchronous communication systems data is normally re-
ceived and reconfigured into machine 1language which is a
hexa-decimal representation of an alphanumeric character.
This hexa-decimal character is then stored in a text storage
buffer that will accumulate these characters until a software
routine, called a display access method, can process them
into a sufficient format for display on a cathode ray tube.

The last step in the display access method will update the
display with the new data.

The display access method typically takes an average of 30
milliseconds to process a given set of characters stored in
the text buffer. For low transmission rates such as 110 bits
per second, a new character, which normally consists of 10 or
11 bits, is received about once every 100 milliseconds. Since
the display processing software only requires 30 milliseconds
to register the character on the'display, there remains 70
milliseconds available for additional work such as background
print.

However, at a transmission rate of 1200 bits per second, a
new character, which normally consists of 9 bits but may be
10 bits, occurs every 7.5 milliseconds. During each cycle of
the display access method, approximately four characters will
be received and stored in the receive buffer. At the end of
the display access method cycle the system will recognize
that next data is available in the receive buffer and this
data will be transferred to the text storage buffer and the
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display access method will be initiated. This requires the
display access method to continuously recycle consuming
virtually 100% of the software overhead trying to keep the
screen updated with new data.

The present invention may be briefly described as an improve-
ment for updating the display in a data communications system
which has at least one data transmit terminal and one data
receive terminal. The data receive terminal is comprised of a
first and second storage means, a timer, a transferral means
and a display means. The first storage means stores received
data which at predetermined time intervals of the timer is
transferred to the second storage means by the transferral
means. The display means retrieves the data from the second
storage means for display. .

In the attached drawings

Figure 1 is a block diagram of a transmit/receive data termi-
nal.

Figure 2 is a system schematic diagram of a transmit/receive
data terminal.

Figure 3 is a flow chart of the invention depicting the
operation of the terminal when data is sent or received.

Figure 4a is a timing diagram for updating the display for a
prior art system using a transmission rate of 110 bits per
second.

Figure 4b is a timing diagram for updating the display for a
prior art system using a transmission rate of 1200 bits per
second; and

Figure 4c is a timing diagram of the present invention for
updating the display using a transmission rate of 1200 bits
per second.
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Detailed Description of the Invention

Referring to figure 1 there is shown a data transmit/receive
terminal 10. A modem 12 is utilized to connect the terminal
10 to a communication 1link 14 through a communications hard-
ware adapter 16. The communications hardware adapter 16
converts the data from parallel to serial for transmission of
data, or serial to parallel for receiving data.

In the receive mode of data terminal 10 data will be received
by the combination of the modem 12 and the communications
hardware adapter 16 and transmitted along data bus 18 to the
communications access circuit 22 where the data is stored in
a buffer circuit 24. A transfer circuit 26 interfaces with
the communications access circuit 22 through a control 1line
28 to determine if there is any data stored in the buffer
circuit 24. The communications access circuit 22 primarily
reformats the data into machine language for internal storage
and also provides an indication to the rest of the system
that there is received data present. At predetermined inter-
vals, determined by a timer 30 which is connected to the
transfer circuit 26 through a line 32, the transfer circuit
26 will transfer data from the buffer circuit 24 through a
data bus 34 to a data bus 36 for storage in a buffer circuit
38 which is part oﬁ a display processor 40.

The display processor 40 is responsive to the timer 30 and
after the data has been transferred from the buffer circuit
24 and stored in the buffer circuit 38 the display processor
40 will reformat the data in a suitable format for displaying
on a CRT display 42. Normally the buffer circuits 24 and 28
consist of random access memories.

Now referring to figures 1 and 2, there is shown a system
schematic diagram of the transmit/receive data terminal 10
which will be referred to generally as a system 50. The
system 50 consists of a keyboard 54 that inputs data to a
central processing unit (CPU) 56 through a data bus 58. The
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CPU 56 communicates with the entire system 50 through a
memory bus 60. The CPU 56 controls the interface between the
CRT display 42, the communications hardware adapter 16 and a
memory 52. A system clock 66 is provided to synchronize all
the elements of the system 50 through a line 67. A system
timer 68, which is essentially the timer 30 in figure 1,
provides a fixed internal time base which is derived from
counting pulses of the system clock 66. The memory 52 uses
the fixed time interval of the system timer 68 for various
functions which will be described below.

The communications hardware adapter 16 adapts the signal
received from the modem 12 such that it can be transmitted
along memory bus 60. The system 50 recognizes when a charac-
ter of data has been received and interrupts any ongoing
software functions to process the received data. Normally
reception of data is given a high priority relative to the
other functions that the CPU 56 performs and therefore all
new data will be received and stored by a method which will
be described below.

In a receive mode a communications access method block 70
receives the raw data and reformats it in machine language
for storage in a receive buffer 72. Normally machine language
will consit of characters in a hexa-decimal format. The
communications access method block 70 is bi-directional and
also reformats machine language character into a suitable
form for transmission which will be discussed below. In the
receive mode, for each character that is processed by the
communication access method block 70 and stored in the re-
ceive buffer 72 a communications control block 74 will incre-
ment an internal pointer providing a reference so that the
system can determine how many characters are stored in the
receive buffer 72.

A communications monitor 76 is a subroutine that will deter-~
mine if there is any data in the receive buffer 72 and when
this data should be fetched and distributed to the rest of
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the system 50. The communications monitor 76, at prede-
termined intervals, will fetch the data from the receijive
buffer 72 and store the data in an internal register in the
communications monitor 76. The communications monitor 76 will
then transfer the data through a text storage buffer manager
78 to a text storage buffer (TSB) 80. The communications
monitor 76 communicates with the communications control block
74 through a control line 81 such that it can determine the
number of characters stored in the receive buffer 72. Each
received character is individually retrieved by the communi-
cations monitor 76 and transferred to the TSB manager 78. The
TSB manager 78 only stores one character in an internal

register before transferring it to the text storage buffer
80.

As each character of data is transferred through the TSB
manager 78 to the text storage buffer 80 a buffer control
block 82 will increment the character into the text storage
buffer such that the data can be retrieved by reversing the
process. A control line 83 links the buffer control block to
the TSB manager 78 to indicate when to store a character

while a control 1line 84 1links the TSB manager 78 to the
communication monitor 76.

When all the data in the receive buffer 72 is transferred to
the text storage buffer 80, a display access method block 86
processes the data. The display access method 86 is a sub-
routine that reformats the characters in the text storage
buffer 80 and stores them in a display refresh buffer 88. The
display refresh buffer 88 will maintain constant display of
the o0ld data until new data has been received.

A display control block 90 interfaces with the TSB manager 78
through a control line 91 to determine how many characters
have been stored in the text storage buffer 80. The display
control block 90 will transfer this information to the dis-
play access method through a control line 96.
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The display access method 86 only operates after the received
data has been transferred into the text storage buffer 80.
The communication monitor 76 does not transfer the received
data until a fixed interval derived from the system timer 68
has occurred as will be described below. This will make the
display access method 86 dependent on the system timer 68.

In the transmit mode send data is fed into the CPU 56 from
the keyboard 54. A keystroke control 93 controls a keystroke
gueue 92 which processes the data received from the keyboard
54. The Xkeystroke queue 92 reformats the send data from the
keyboard 54 into machine language for distribution to the
communication monitor 76. Prior to transfer to the communi-
cations monitor 76 the data is stored in the keystroke queue
in an internal register.

The communication monitor 76 transfers the send data from the
keystroke queue 92 to a send buffer 94. The send buffer 94 is
a register of random access memory which stores one or two
characters. These characters are then processed by the commu-
nication access method 70 which reformats each character for
transmission through the communication hardware adapter 16
and modem 12 as shown in figure 1.

After each character is transferred to the send buffer 94 by
the communication monitor 76 and transmitted through the
communication link 14 the character is also transferred to
the TSB manager 78 for storage in the text storage buffer 80
in the same manner as for the receive mode. When the system
timer 68 expires it will create a fixed time interval which
is used by the communication monitor 76 to determine when to
initiate the display access method 86 whereby the data stored
in the text storage buffer 80 will be processed and stored in
the display refresh buffer 88.

The basic distinction between the transmit and receive modes
is that in the transmit mode the data is stored in the text
storage buffer 80 without reference to the system timer 68
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whereas in the receive mode the data is not stored in the
text storage buffer 80 until the system timer 68 has expired.
In both modes the display access method 86 still operates in
response to the system timer 68 and does not process the data

stored in the text storage buffer 80 until the period of the
system timer has expired.

Referring now to figures 2 and 3 there is shown a flow chart
of the program for updating the display with send or receive
data. Block 100 is a start block which could be initiated by
an interrupt signal that is responsive to the presence of
send or receive data. As noted above, the reception of data
is given a high priority among the basic functions that are
performed by the CPU 56. This allows the system 50 to perform
it normal functions without missing any received data.

There are essentially two conditions that will start the
program. If any send data is keyed in from the keyboard 54
then the program will start and store the send data in the
send buffer 94 for transmission and in the text storage
buffer 80 for display. When the timer 68 expires it will
prompt the system to see if there is any receive data in the
receive buffer 72 and if there is it will start the program.

A decision block 102 determines whether there is any send
data. If there is send data then the flow chart proceeds
along a "yes" path 104 to a function block 106. Function
block 106 indicates the step whereby the data character is
transferred through the communication monitor 76 to the send
buffer 94. It should be understood that the data is first
stored in an internal register in the communication monitor
76 prior to transfer to the send buffer 94.

The next step is a function block 108 which indicates a step
whereby the data stored in the send buffer 94 is transferred
to the communications access method 70 to reformat the data
for proper transmission. The next step is a function block
110 whereby the data in the communications access method is
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transmitted through the communications hardware adapter 16
and the modem 12 to the communications link 14. In the next
step, as indicated by a function block 112, the data charac-
ter which is stored in the communications monitor 76 is
transferred to the TSB manager 78. The next step is a func-
tion block 114 which indicates the step whereby the data
stored in the TSB manager 78 is transferred to the text
storage buffer 80.

If there is no send data then the decision block 102 will
route the program along a "no" path 115 to an intersection
point 116. The next block of the flow diagram is a decision
block 117 which determines whether the system timer 68 has
expired. If the timer has not expired then the program will
flow along a "no" path 118 to a return command block 119. The
command will return control to the main program.

wWhen either the system timer 68 has expired or more send data
is input the program will re-enter the program at start block
100 and flow through the program to the decision block 117
and flow along the "yes" path 120 to a decision block 121.
The decision block 121 determines if there is any received
data present in the receive buffer 72. If there is received
data present then the program flows along a "yes" path 122 of
the decision block 121 to a function block 123 which indi-
cates the step whereby data is fetched from the receive
buffer 72. This data has been stored in the receive buffer 72
by the communication access method block 70 as each character
has been received through the communications link 14. All new
data that has been received during the timer interval will be
stored in the receive buffer 72.

The program then flows to a function block 124 which indi-
cates the step whereby the data is transferred through the
communication monitor 76 to the TSB manager 78 on a character
by character basis. The data is then transferred from the TSB
manager 78 to the text storage buffer 80 as indicated by a
function block 126. It should be understood that function
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blocks 123 to 126 operate to transfer each character of data
from the receive buffer 72 to the text storage buffer 80 in a
sequential manner. The TSB manager 78 will only store one
character at a time before passing it on to the text storage
buffer 80? Steps 123 to 126 will operate to remove all the
data in the receive buffer 72 before proceeding.

If there is no receive data when the timer expires then the
program will flow along a "no" path 127 of the decision block
121 to an intersection point 128. The program then proceeds
to a decision block 130 to decide if there has been any send
or receive data present. If there has not been any send or
receive data transferred through the communications monitor
76 and stored in the text storage buffer 80, the program will
flow along a "no" path 131 of the decision block 130 to an
intersection point 132 and the program will proceed to a

return command 134 which returns the system to the main
program.

If there is send or receive data present during the operation
of the program then the program will flow along a "yes" path
135 of the decision block 130. This will direct the program
to a function block 136 which indicates the step whereby an
update display subroutine is addressed that will initiate the
display access method 86. The display access method 86 will
then fetch the déta from the text storage buffer 80 and
reformat for storage in the display refresh buffer 88. The
program will then proceed to the return command block 134 and

control will be returned to the main program.

Now referring to figures 4a, 4b, 4c, figure 3 and figure 2,
there is shown a set of timing diagrams that illustrate the
interaction between the communication monitor 76 and the
display access method 86. Referring in particular to figure
4a there is shown the timing diagram for a prior art system
with the communication monitor 76 operating without reference
to the timer 68 and using a low speed transmission rate of
110 bits per second. A plurality of arrows 138 indicate the
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character rate on the communication link 14 in figure 1. It
can be seen that at the 110 bit per second transmission rate
that one 11 bit character occurs every 100 milliseconds. It
should be understood that at the low transmission rate either
a 10 bit or an 11 bit character may be transmitted. The 11
bit character is used as it would result in the lowest trans-~
mission rate.

Raw data is received by the communications access method 70
and transferred to the TSB manager 78 which stores the data
in the text storage buffer 80. There is not accumulation in
the receive buffer 72. The software time that is occupied
during the processing time is the character service time 139
as indicated by a plurality of solid lines. This time is
approximately 1 millisecond and occurs each time a character
is received. After each character is received and processed
the display access method 86 is initiated and reformats the
character and stores it in the display refresh buffer 88. The
software time that is occupied by this operation is indicated
by a plurality of shaded areas termed a display update time
140. This time can range from 20 to 50 milliseconds depending
upon the type of characters and the number of characters that
are processed but the normal time averages around 30 milli-
seconds. This leaves an available CPU 56 resource time of
approximately 70 milliseconds for operations such a back-
ground print.

Referring now to figure 4b there is shown a timing diagram
for a transmission rate of 1200 bits per second in a system
with a communication monitor 76 that is not controlled by the
system timer 68. The character rates on the communication
link 14 are denoted by a plurality of arrows 142. For a data
rate of 1200 bits per second a 9 bit character occurs every
7.5 milliseconds. It should be understood that at a 1200 bit
per second transmission rate a 9 bit or a 10 bit character
may be transmitted. The 9 bit character is used for illustra-
tion as it would result in the highest transmission rate. The
character service time 139 remains approximately the same as
for the 110 bit per second transmission rate.
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At time equal zero, which is not shown, the first received
character will initiate the display access method 86 and
process the first character for storage in the display re-
fresh buffer 88. During the display update time 140, while
the display access method 86 is processing the first received
character, four new characters have been received and are
processed by the communications access method 70 and stored
in the receive buffer 72. As soon as the display access
method 86 processes a character, the communications monitox
76 recognizes that additional data is stored in the receive
buffer 72 and proceeds to process these characters by trans-
ferring these characters to the TSB manager 78 and then to
the text storage buffer 80. All four characters now in the
text storage buffer 80 will be processed by the display
access method 86 during the next display update time 140.

As shown in figure 4b after the first cycle occurs, which is
not shown, there will always be a block of four new charac-
ters in the receive buffer 72 waiting to be processed by the
display access method. The diagram only shows the steady
state condition. As long as data is being transmitted at the
1200 bit per second transmission rate it can be seen that the
system is virtually occupied 100% of the time with updating
the display 42. The display is essentially being updated at
the rate of once every 30 milliseconds.

Referring in particular to figure 4c there is shown a system
timing diagram for a transmission rate of 1200 bits per
second using the communication monitor 76 that is controlled
by the system timer 68. The arrows 142 denote the character
rate on a communication link 14 as in figure 4b. At the 1200
bits per second transmission rate a 9 bit character is re-
ceived every 7.5 milliseconds as discussed above. The receive
buffer 72 will accumulate these characters until the communi-
cation monitor 76 transfers them to the text storage buffer
80. In the prior art, as described above with reference to
figures 4a and 4b, the communications monitor 76 transferred
the character as it was received. In the present invention,
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the communications monitor 76 will transfer the data in the
receive buffer 72 at the end of a 100 millisecond time inter-
val determined by the system timer 68. Approximately 13
characters at a 1200 bit per second transmission rate will
have been received and stored in the receive buffer 72 during
the timer interval. When the system timer 68 expires the 13
characters will be transferred through the communications
monitor 76 to the TSB manager 78 and stored in the text
storage buffer 80. Upon completion of this transfer time
which takes approximately 1 millisecond, which is not shown,
the display access method 86 is initiated and the information
contained in the text storage buffer 80 will be reformatted
and stored in the display refresh buffer 88. This is the
display update time 140 as discussed above which takes an
average of 30 milliseconds.

It can be seen that the available CPU resource time is now
approximately 70 milliseconds between the updating period.
Instead of seeing groups of four characters displayed every
30 milliseconds as was the case in figqure 4b without the
communication monitor 76 controlled by the system timer 68,
the operator now sees a block of thirteen characters dis-
played every 100 milliseconds. Since the operator cannot
distinguish between a block of four characters updated every
30 milliseconds and. a block of thirteen characters updated
every 100 milliseconds the updating of the display appears
fluid to the operator.

It should be understood that the time interval in which the
receive buffer 72 accumulates data prior to transfer by the
communication monitor 76 is not limited to 100 milliseconds.
Longer time intervals can be employed with the only limita-
tion being the effect on the terminal operator and the size
of the receive buffer 72.

For a 100 millisecond time interval there is no advantage
when the transmission rate is 110 bits per second. As can be
seen in figure 4a only one character occurs every 100 milli-
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seconds so the updating takes place only every 100 milli-
seconds in any event. The advantage obtained by accumulating
the data in the receive buffer 72 and processing the data
through the display access method 86 at predetermined inter-
vals is at the higher transmission rates.

Although a preferred embodiment of the invention has been
described in detail, it should be understood that various
changes, substitutions, and alterations can be made therein
without departing from the spirit and scope of the invention
as defined by the appended claims.
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CLAIMS

Display updating device in a data communications system
having at least one data transmit terminal and one data
receive terminal said data receive terminal (10) being
characterized in that it comprises :

a first storage means (24) for storing received data;
a timer (30) for generating a fixed time interval;

a transferral means (26) for removing said received data
from said first storage means at said fixed time inter-
val; '

a second storage means (38) for receiving and storing
said received data from said transferral means; and

a display means (42) for displaying on a display termi-
nal all data stored in said second storage means.

Display updating device in a data communications system
having at 1least two data transmit/receive terminals,
characterized in that each of said transmit/ receive
terminals comprises :

a data input means (54) for entering sent data;

a first storage means (72) for storing received data;

a timer (68) for generating fixed time intervals;

a transferral means (76) for removing said received data
from said first storage means at said fixed time inter-
vals and for transferring said sent data from said data

input means;

a second storage means (94) for receiving and storing
said sent data, transferred from said transferral means;
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a third storage means (80) for receiving and storing
said sent and received data transferred from said trans-
ferral means;

a display means (42) for displaying on a display termi-
nal all data stored in said third storage means; and

a transmission means (70, 74) for transmitting said sent
data stored in said second storage means.

Device as defined in claim 1 or 2 characterized in that

said first storage means comprises a receive buffer
(72).

Device as defined in claim 1, 2 or 3 characterized in

that said first storage means comprises a random access
memory.

Device as defined in claim 1, 2, 3 or 4 characterized in

that said second storage means comprises a send buffer
(94).

Device as defined in claim 1, 2, 3, 4 or 5 characterized
in that said second storage means comprises a random
access memory.

Device as defined in claim 2 characterized in that said

third storage means comprises a text storage buffer
(80).

Device as defined in claim 2 or 7 characterized in that
said third storage means comprises a random access
memory.

Device as defined in claim 2, 7 or 8 characterized in
that said display means is activated in response to said
fixed time interval and after said received data is
transferred and stored in said third storage means.
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10. Device as defined in claim 2, 7, 8 or 9 characterized in
that said data input means (54) comprises a keyboard.
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